Background: Fat grafting for gluteal augmentation is one of the most popular aesthetic surgery procedures. It has an associated mortality to fat embolism of 0.2%. Objectives: The authors of this study sought to describe which technique for synthetic graft application was least likely to cause a fat embolism. Methods: Ten fresh bodies were obtained and 4 groups arranged with 5 buttocks each randomly assigned. Group 1 was infiltrated through the upper medial intergluteal sulcus (upper medial intergluteal sulcus) with an angulation of −30°, −10°, and 0°. Group 2 was infiltrated through the middle lower gluteal sulcus with an angulation of −30°, 0°, and +15°. Group 3 was infiltrated through a peritrochanteric (PT) access at the level of the femur head at 0° and +10° and in the middle of the buttock at the level of the posterior superior iliac crest at −30° toward the trochanter (lateral direction). Group 4 was infiltrated in the same manner as group 1 without −30°. A complication occurred when the graft was in contact with the vascular or nervous bundle, within the gluteus medius muscle, or both. Results: Group 1 had 3 buttocks with a complication (UMIGS −30°). Group 2 had complications in all the injection techniques. Group 3 had 5 buttocks with a complication (PT at 0°). Group 4 had no complications.
Fat grafting for gluteal augmentation (GA) has gained popularity in the past few years. According to the International Society of Aesthetic Plastic Surgery (ISAPS) Global Statistics, 1 300,791 procedures were performed in 2016, a significant increase from 59,392 procedures performed in 2010. Meanwhile, the American Society for Aesthetic Plastic Surgery 2 recently published that 23,115 procedures of buttock augmentation were performed in 2017, which represents an increase of 25.5% compared with 2016. Autologous fat grafting is the gold standard method for GA. 3, 4 Nevertheless, complications such as nerve or vascular infiltration are described, with the fat embolism being the most feared complication because of its mortality of 0.2%. Information about a technique that prevents or diminishes the probability of fat embolism and death is limited in the literature; 5, 6 hence, we decided to perform a cadaveric experimental study with the objective of discovering a technique that accomplishes the correct application of the graft with fewer complications.
Dr Alvarez-Alvarez is a plastic surgeon in private practice in Zapopan, Jalisco, Mexico. Dr González-Gutiérrez is the Director of the Instituto Jaliscience de Cirugía Reconstructiva "Dr. José Guerrerosantos," Guadalajara, Jalisco, Mexico. Dr Ploneda-Valencia is a general surgeon in private practice in Zapopan, Jalisco, Mexico.
METHODS
This study was performed by the Instituto Jaliscience de Cirugía Reconstructiva Dr. José Guerrerosantos in collaboration with the Instituto Jaliscience de Ciencias Forenses. Approval was obtained from each of the respective ethical committees to conduct the study.
A prospective experimental study was conducted between November 2016 and July 2017. A total of 10 fresh bodies were obtained, and 4 groups created of 5 buttocks per group were randomly assigned. We wrote in 20 different envelopes a group to which an individual cadaver belonged, and placed the envelopes in a black box. A blinded assistant then selected an envelope from the box each time a body was to be operated on.
Inclusion Criteria
• Bodies within 48 hours of death • Between 18 and 50 years of age • Male height between 1.6 and 1.8 meters, and female height between 1.5 and 1.7 meters
Exclusion Criteria
• Trauma in the gluteal area • Scar or known previous surgery in the gluteal area
Surgical Technique
The same surgeon (F.A.A.-A.) performed all the surgical procedures. We used a synthetic graft instead of the fat graft conducted with corn starch, water, and food colorings (blue, red, and green) until we reached a consistency and density similar to the fat obtained in liposuction. We use different colors of the dye to help identify the site where it was applied; each color represents a different application technique per group. We placed the cadaver in a decubitus prone position as suggested by Kalaaji et al. 7 The synthetic graft was applied through a 4-mm, single-port, atraumatic cannula of 20 cm by means of a 60-cc LuerLok syringe. We introduced the full length of the cannula, and then, upon withdrawal, we utilized a "fanning-out" pattern as we injected the graft, 60 cc per injection, with only one injection per application technique. After the synthetic graft application, we performed a "pages of a book" dissection from the lateral to medial planes to identify the muscular, vascular, and nervous structures (Figures 1-4) .
A B Figure 1 . A cadaveric dissection of this 36-year-old Group 1 male cadaver shows (A) blue dye (−30°) in contact with the inferior gluteal vasculature (red arrow) and sciatic nerve, and (B) green dye (−10°) applied in the gluteus major muscle. This allowed us to identify the location of the dye as well as the structures with which it was in contact. Because each application technique has a different color, we were able to identify which technique placed the graft within each surgical plane (Videos 1-3).
Objective
Our objective was to describe which technique for synthetic graft application is less likely to cause a fat embolism.
Outcomes
The primary outcome was to discern which technique involved fewer complications. We defined a complication as the graft being in contact with the vascular or nervous bundle within the gluteus medius muscle or both. The secondary outcome was to ascertain which technique injected the synthetic graft in the desired plane (the subcutaneous adipose tissue and the superficial gluteus maximus).
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Group 1 (Control)
Five buttocks were infiltrated through the upper medial intergluteal sulcus (UMIGS) in 3 different angulations: blue dye at a −30° angle, green dye at a −10° angle, and red dye at a 0° angle ( Figure 5 ).
Group 2
Five buttocks were infiltrated through the middle lower gluteal sulcus in 3 different angulations with a cephalocaudal direction: blue dye at a −30° angle, green dye at a 0° angle, and red dye at a 15° angle ( Figure 6 ).
Group 3
Five buttocks were infiltrated utilizing one cannulation site through a peritrochanteric (PT) access at the level of the femur head: blue dye at a 0° angle and green dye at a 10° angle. The other cannulation site was in the middle of the buttock (MB) at the level of the posterior superior iliac crest by means of red dye at a −30° angle toward the trochanter (lateral direction only) ( Figure 7 ).
Group 4
Five buttocks were infiltrated through the UMIGS in 2 different angulations: a -10° angle utilizing blue dye, and a 0° angle utilizing green dye (Video 1; Figure 8 ).
Statistical Analysis
We utilized the SPSS program version 23 to perform the statistical analysis. Statistical significance was defined as P<.05.
RESULTS
The results of each surgical technique are specified in Tables 1  to 4 , and the demographic data of the cadavers are displayed (Tables 2-5) ; nevertheless, the only group that did not encounter complications was group 4. The application technique through the UMIGS at −10° and 0° of Groups 1 and 4 (Figures 1 and 4 ; Video 2), the cannulation through the PT access at the level of the femur head at +10°, and access in the MB at the level of the iliac crest at −30° in group 3 toward the trochanter (lateral direction only) ( Figure 3 ) did not involve the vascular or nervous bundles with the dye within the superficial muscle or the subcutaneous tissue. On the other hand, the dye application through the UMIGS at −30° in group 1; the middle lower gluteal sulcus at −30°, 0°, and +15° in group 2; and the PT access at the femur head level at 0° in group 3, all involved vascular or nervous bundles, or application within the medial gluteal muscle.
We obtained the best results in group 4 compared with the other groups, encountering no complications. While attempting to apply the dye within the superficial gluteal muscle and the subcutaneous tissue, statistical analysis reached a significant difference favoring group 4 (group 4 vs group 1, P = 0.16; group 4 vs group 2, P = 0.0079; group 4 vs group 3, P = 0.0074). Analysis of the dye application technique showed that use of the UMIGS at −10° and 0° is the safest compared with the other surgical approaches ( 
DISCUSSION
As procedures for fat GA increase as reported by ISAPS 1 and the American Society for Aesthetic Plastic Surgery, 2 more plastic surgeons are publishing their technique to accomplish GA. Nevertheless, there is no systematization of procedures, 3 which increases the risk of complications such as fat embolism. The most important technical aspect of fat transfer is to lay multiple small aliquots of fat, which allows the injected fat to be surrounded by healthy, well-vascularized tissue and surrounding native fat cells. 8 Another essential element for successful fat GA is the application of the synthetic graft within the subcutaneous adipose tissue and the superficial gluteal muscle, which achieves better aesthetic results and graft survival and diminishes the risk of fat embolism. 3, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] In 2016, when Condé-Green et al 3 described a meta-analysis of fat graft application, they found that in 4105 patients, the fat graft was applied within the subcutaneous and intramuscular planes in 46.7% patients, within the intramuscular plane in only 26.7% of patients, and within the subcutaneous plane in only 20% of patients. They compared the complication rate of fat injection into the subcutaneous plane only (4.1%) with the intramuscular plane only or the intramuscular and subcutaneous planes (28.7%), and they found no statistical difference (P = 0.059). According to our results, we injected the graft only in the subcutaneous plane 13 times, and in the superficial intramuscular and subcutaneous planes 16 times, having only one complication (one patient in the second group).
The most feared complication of fat GA with autologous fat grafting is fat embolism of the superior or inferior gluteal vasculature. [3] [4] [5] [6] 16 There are 2 mechanisms for fat embolism: the first occurs when a vein is cannulated and the fat is applied inside the vein; the second mechanism happens when a tear occurs in a vein and the fat flows into the bloodstream 5, 6, 17 (Video 4) . Both mechanisms provoke a macroscopic embolism with right ventricular failure, cardiogenic shock, and death. 6 To reduce the risk of fat embolism, Condé-Green et al 3 suggest utilizing subcutaneous and superficial muscular injections and pulling back on the syringe plunger to ensure no entry into the vessels. On the other hand, Cárdenas-Camarena et al 6 found that the main factor causing fat embolism is the muscle area where fat is injected (deep muscle); they conclude that fat should be injected only in the subcutaneous area and the superficial muscle plane. The latter is corroborated by Ghavami and Villanueva, 8 because they recommend that the planes of injection are the superficial muscular plane, deep subcutaneous plane, and superficial subcutaneous tissue. Our results confirm the previously mentioned recommendations. We applied the graft in the deep muscle plane 25 times, of which 6 were in only the gluteus medius muscle (100% complication), 18 times were in only the gluteus maximus (50% complication), and 1 time was in contact with the gluteus medius and maximus muscles (0% complications). The percentage of complications that we found when the graft was injected in the deep gluteal muscles was 60%. Therefore, we agree with the recommendation that the graft should be injected in the superficial gluteal muscle and subcutaneous tissue to avoid an injury of the vasculature (superior and inferior gluteal artery and vein) and 0° green dye 60% (n = 3) 60% (n = 3) 60% (n = 3) 20% (n = 1) 80% (n = 4) 0% +15° red dye 20% (n = 1) 0% 0% 0% 100% (n = 5) 100% (n = 5) 0° blue dye (peritrochanteric access) 100% (n = 5) 100% (n = 5) 100% (n = 5) 20% (n = 1) 100% (n = 5) 0%
+10° green dye (peritrochanteric access) 0% 0% 0% 0% 100% (n = 5) 80% (n = 4) −30° red dye (superior middle buttock access) 0% 0% 0% 0% 0% 100% (n = 5) 16 recommended safe measures to reduce the risk of fat embolism, including utilization of a large rigid cannula with a blunt tip and a diameter larger than 4 mm, a continuous movement during the application of the graft with a "fanning-out" technique, superficial injection of the fat (primary subcutaneous or superficial muscle), and avoiding an excessive graft filling pressure. Additionally, the ASERF Task Force advocates the following to reduce the risk of fat embolism: avoid injection into deep muscles; utilization of a blunt-tip, single-hole cannula larger than 4.1 mm; and avoid downward angulation of the cannula. 5 Utilizing a blunt tip likely reduces the possibility of causing a tear in the vessel, and the rigidity of the cannula diminishes the feasibility of bending over and following the intraluminal path of the vessel (Video 4). 5 All the previous recommendations are the result of many years of practice and surveys; nevertheless, to the best of our knowledge, there is only one other cadaveric study of fat grafting for GA. Del Vecchio et al 18 performed a cadaveric study in 4 fresh cadavers, introducing the deep intramuscular migration phenomenon. They found that whether one inserts fat in the deep or superficial muscle, given enough volume, it will not remain in the muscle and will spill deep into the submuscular space. However, these results are contrary to what we have found. According to our data, injection of the synthetic graft within the superficial muscle and subcutaneous planes presented only one complication: the dye was in contact with the superior gluteal vasculature, which occurred in one patient in group 2. In addition, when the graft was injected deep into the muscle (only within the gluteus maximus or the gluteus medius muscle), the complication rate increased to 60%. Given these results, we elucidate that the injection of the fat graft through the UMIGS at a 0° angle and a −10° angle and access through the supragluteal port in the MB at a −30° angle toward the trochanter (in the lateral direction) can address the entire surface needed for GA without vascular or nervous complication.
There are important differences between the article of Del Vecchio et al 18 and our own that must be mentioned. Whereas we injected the synthetic graft into a real patient, they applied it under direct view of the desired plane. Also, the volume of synthetic graft we applied was only 60 cc, whereas they injected within the subfascial plane between 540 and 720 cc and within the suprafascial plane between 500 cc and 1500 cc. This raises the question: How much volume is a "safe volume" to inject in the superficial muscular and subcutaneous planes through the ports that we found to be safe?
Because our study is an experimental study, we found some limitations to our work. We included a small number of patients for each group, thus increasing the risk of misinterpreting the results. Another limitation that raises concern is the volume injected into the patients; although we usually apply between 400 and 500 cc of fat graft in the current practice, in the study we injected only 60 cc of the synthetic graft. We believe that the most significant limitation of our study is that we cannot assure that the synthetic graft was in contact with the vasculature, therefore indicating it was injured. These limitations raise some interesting questions.
CONCLUSIONS
We can conclude that the injection of the fat graft through the UMIGS at a 0° angle and a −10° angle, and access through the supragluteal port in the MB at a −30°angle toward the trochanter (lateral direction), can address the whole surface needed for GA. In addition, we had no complications to adequately apply the graft; therefore, we recommend utilizing these port accesses to diminish the risk of producing a fat embolism. The application of the fat graft utilizing the group 2 techniques should be avoided because of its high risk of causing a vascular or nervous injury.
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